INTRODUCTION
============

Human adenoviruses (HAdV), belong to the family *Adenoviridae*, gender *Mastadenovirus*, and are classified into seven species, A to G, now comprising more than 60 types[@B17]. The type F is formed by HAdV enteric serotypes that grow in cell cultures; AdV-40 and AdV-41[@B34]; respiratory types -2 and -5 are often reported as water contaminants[@B13]. The HAdV virion particle consists of an icosahedral, non-enveloped capsid with a diameter ranging between 70 to 100 nm. The viral genome is composed of double-stranded linear DNA[@B34].

HAdV are distributed worldwide and are responsible for causing, among other diseases, diarrhea and conjunctivitis related to consumption or contact with contaminated water[@B19]. Gastroenteritis associated with HAdV occurs in children and adults, the HAdV-40 and -41 being important etiological agents[@B30]. In industrialized countries, the incidence varies from one to 8% while in developing countries between two and 31%[@B24]. The HAdV has often been identified in various environmental samples such as wastewater[@B16], drinking water[@B21], groundwater[@B27], surface water[@B29] and recreational waters[@B43]. HAdV are excreted at high densities in human feces[@B39], and occur in sewage, raw water, and treated water and have also been detected in shellfish[@B05]. In 2005, they were included in the \"Contaminant Candidate List 2\" from the U.S. Environmental Protection Agency[@B37], due their sanitary importance, fecal-oral route of infection, and frequent occurrence in many aquatic environments.

Molecular techniques are generally based on detection of highly conserved portions of the viral genome^1^. The most commonly used method, considered the gold standard in several areas including virology^22,40^, is the Polymerase Chain Reaction (PCR), which offers advantages over cell culture methods in the detection of viruses in environmental samples. PCR is faster, has high sensitivity and specificity[@B15],[@B28] since properly developed and standardized, however, this methodology has limitations, such as the use of gel electrophoresis with dyes that can be harmful to human health and the inability to quantify the results[@B26],[@B40].

In clinical research, there are already some comparisons between PCR and quantitative PCR[@B02] ^,^ [@B04] ^,^ [@B06] ^,^ [@B11] ^,^ [@B25] ^,^ [@B36] (qPCR); these studies indicated a higher sensitivity of qPCR compared to PCR[@B03]. The mechanisms by which the qPCR can be more sensitive than PCR have been described[@B14] ^,^ [@B35], among them, qPCR perform the quantitation of the target gene during exponential amplification avoiding problems that are associated with the so-called \'end-point\' of PCR in which amplicons are only analyzed after completion of the final PCR cycle[@B35]; it is only during this exponential phase of the PCR that it will be possible to determine the starting amount of template[@B14]. Moreover, qPCR usually requires lower concentrations of target genomic DNA (\< 1000X)[@B14] ^,^ [@B35]. In addition, environmental samples may harbor several kinds of substances that partially inhibit the amplification; the use of qPCR may result in a lower incidence of false negatives and a higher reliability of results[@B31]. Regarding costs, when reagents and kits are considered, some studies show that there is an equivalence in costs between conventional PCR and qPCR (using

SYBR^(r)^ Green)[@B26] ^,^ [@B36].

The aim of this study was to compare these two molecular methods, conventional PCR and qPCR for the detection of HAdV in water and sediment samples.

METHODS
=======

**Sample collection:** The municipalities of Rolante and Riozinho, located in Vale do Paranhana, Rio Grande do Sul, Brazil, have most of its population living in small farms, and their economy is based on dairy production. In addition, some of the properties also have cattle, poultry, swine and fish. The three main rivers in the region are Rolante, Areia and Riozinho. In the summer of March 2011, 55 water samples and 20 sediment samples were obtained from springs (including tap water), artesian wells, ponds and streams located at the municipalities of Riozinho and Rolante, Rio Grande do Sul, Brazil. Water samples (26 springs, 11 artesian wells, eight ponds, 10 streams) were collected aseptically in sterile glass vials (0.5 L). From the sediment samples (seven springs, five ponds, eight streams), 100 g were collected aseptically in sterile glass bottles, 20 collection points of the sediments were the same points of collection of water samples. After collection, the samples were stored for 48 hours at 4 °C until further processing.

**Viral concentration in water samples:** the waters were concentrated using an adsorption-elution method with negatively charged membranes (HA, Millipore, USA), based on the method proposed by KATAYAMA *et al.* (2002)[@B20] with few modifications[@B07] ^,^ [@B38]. Briefly, 0.6 g of MgCl~2~·6H~2~O was mixed with 500 mL of each water sample and pH was adjusted to 5.0 using a solution of 10% HCl. Subsequently, the resulting mixture was vacuum filtered through a negatively sterile membrane (type HA, 0.45 mm pore size; 47 mm diameter). The membrane was rinsed with 87.5 mL of a 0.5 mM H~2~SO~4~ (pH 3.0) followed by elution of viral particles adsorbed to the membrane with 2.5 mL of 1 mM NaOH (pH 10.5). The filtrate was then neutralized with 12.5 μL of 50 mM H~2~SO~4~ and 12.5 μL in 100×Tris-EDTA (TE) buffer. The resulting mixture was aliquoted and stored at -80 °C until further processing. This procedure has an average concentration efficacy of 50%.

**Viral recovery in sediments:** for each sediment sample, 1 g of the solid fraction was diluted in 1 mL of Eagle\'s Minimal Essential Medium (E-MEM, pH 10.5, Nutricell, Campinas, Brazil) to allow the extraction of nucleic acids for molecular tests and subsequent viral isolation in cell culture. The solution was homogenized by vortexing for one minute and then centrifuged at 14,000 rpm for 10 minutes. The supernatant was used for the extraction of viral DNA.

**Extraction of viral DNA/ PCR/ qPCR:** The viral genomes present in the samples were extracted by the extraction kit RTP^(r)^DNA/RNA Virus Mini Kit (Stratec(tm), Birkenfeld, Germany). For molecular detection of HAdV conventional PCR and qPCR were performed with the same set of primers VTB2 HAdvC, according to WOLF *et al.*(2010)[@B42] (\[hexon gene, positions 106-126\] 5\'-GAGACGTACTTCAGCCTGAAT-3\'; \[190207\] 5\'-GATGAACCGCAGCGTCAA-3\'), with annealing temperature at 55 °C. For all reactions positive and negative controls were added, and the GoTaq(r) Green Master Mix 2X (Promega, Madison, USA), was used following the manufacturer\'s instructions; in 50 μL of total volume, reaction mixtures consisted of 25 μL of GoTaq(r) Green Master Mix, 18 μL of nuclease-free water, 1 μL of each primer (20 pM), and 5 μL of DNA. Amplification of the target genomic fragments was performed using a thermal cycler (MultiGene(r), Labnet International, Edison, USA). After the reaction, amplification products were analyzed by electrophoresis in 2% agarose gel stained with ethidium bromide and subsequently visualized under UV light. The qPCR was performed with a commercial kit Platinum^(r)^ SYBR^(r)^ Green qPCR SuperMix-UDG (Invitrogen(tm), Carlsbad, USA), following the manufacturer\'s instructions. In a total of 25 μL, 5 μL of DNA, 1 μL of each primer (20 pM) (VTB2-R; VTB2-F), 12.5 μL of supermix SYBR^(r)^Green qPCR \[Platinum^(r)^ *Taq*

DNA polymerase, SYBR^(r)^ Green I Dye, Tris-HCl, KCl, 6 mM MgCl~2~, 400 μM of dGTP, 400 μM dATP, 400 μM dCTP, 800 μM dUTP, uracil DNA glycosilase (UDG)\], and 5.5 μL of distilled water free from RNAses (RNAse/DNAse free water system, Merck-Millipore, Darmstadt, Germany) were used. The qPCR reactions were conducted in a thermal cycler iQ5(tm) Bio-Rad (Biorad(tm), Hercules, USA). Each reaction was composed of a denaturation cycle of 95 °C by 10 min. followed by 40 cycles composed of one step of 95 °C for 20 s, and combined annealing/ extension steps at 55 °C for one minute. After, a melting curve was built to check the specificity of amplification products. For generating standard curves, 10-fold serial dilutions of standard controls from 10^-^ [@B01] to 10^-^ [@B05] were prepared, starting at 6.01 x 10[@B07] genome copies equivalents per reaction (HAdV-5). Positive controls were AdV type 5 (Ad5 prototype strain) cultivated in A549 in our facilities. The same AdV type 5 virus was used to build the standard control curve throughout the study. All standard controls and samples were run in duplicates; the limit of detection was found to be 40 to 60 genome copies per reaction, the efficiency was 96.5% (R2 = 0.99, slope = −3.41). No template control (NTC), and AdV negative samples were used in each run to ensure the absence of contamination in the assay. Melting curve analysis was performed using High Resolution Melting electrophoresis (HRM) to verify PCR product specificity; HAdV melting temperature was 86.5°C ± 0.5.

RESULTS
=======

Quantitative PCR results were expressed as genome copies/L in water samples and as genome copies/g in sediment samples. The results obtained using the conventional PCR for water and sediment were 47.3% (26/55) and 35% (7/20), respectively while the results in the qPCR detection were 87.3% (48/55) for water and 80% (16/20) for sediment ([Table 1](#t01){ref-type="table"}). All positive samples by PCR were also positive by qPCR. The results were previously compared to those obtained in assays using 1:10 dilutions of the extracted DNA, but no differences were observed (data not shown).

Table 1Results of PCR and qPCR Adenovirus analysis in water (qPCR; genome copies/L) and sediment (qPCR; genome copies/g) from rural areas of the municipality of Rolante and Riozinho, Vale do ParanhanaMunicipalitySourceWATERSEDIMENTqPCRPCRqPCRPCR**RiozinhoSprings**7/105/105/61/61.01x10^3^-2.08x10^8^-7.51x10^3^-5.87x10^4^-**Artesian Wells**9/96/9\--1.33x10^3^-1.26x10^4^\-\--**Dams**5/52/52/31/34.43x10^3^-1.08x10^4^-1.97x10^3^-2.36x10^4^-**Streams**4/51/53/41/44.08x10^3^-1.73x10^4^-4.27x10^3^-1.96x10^4^-**Tap Waters**1/20/2\--1.14x10^3^\-\--**RolanteSprings**8/86/81/11/11.38x10^3^-9.57x10^4^1.66x10^4^-**Artesian Wells**2/21/2\--3.87x10^3^-2.72x10^4^\-\--**Dams**3/30/31/21/21.57x10^2^-2.08x10^3^-7.67x10^3^-**Streams**3/50/54/42/41.94x10^3^-9.68x10^3^-5.34x10^3^-6.96x10^4^-**Tap Waters**6/65/6\--3.54x10^3^-6.71x10^4^\-\--

DISCUSSION
==========

The primers used for HAdV in both methods were the same, therefore allowing a correct comparison. This same pair of primers was used several times in conventional PCR with satisfactory results[@B07] ^,^ [@B38]. A highly sensitive technique for viral detection is needed in order to ascertain the presence of the virus in environmental samples[@B41].

The qPCR of this study showed a higher detection rate when compared to conventional PCR. In addition[@B10] ^,^ [@B16] ^,^ [@B32], due to qPCR characteristics, this methodology allows the elimination of the post-amplification laborious work (use of gel electrophoresis and ethidium-bromide staining) that is required for the observation of amplified products. Furthermore, the entire analysis can be accomplished in a closed system which reduces the potential for carry-over[@B26]. Another advantage is the ability to closely monitor the performance of the assay which has been shown to be cost effective when implemented in high performance laboratories[@B22]. Thus, the benefits of qPCR in relation to the conventional PCR are numerous and include time spent, reproducibility and the ability to quantitate the amplification target[@B44]. Tests have shown that qPCR detection sensitivities are comparable to, or higher than, that of conventional PCR[@B09]. However, the interpretation of results requires expertise and a trained team to ensure the accuracy of results.

In the present study, most of the viral loads of HAdV in water and sediment samples varied between 10[@B03]gc and 10[@B04]gc/L, while a single spring sample had 2.08 x 10[@B08] gc/L. In all environmental matrices (springs, artesian wells, dams, streams, tap waters) tested here, more positive samples were obtained when analyzed by qPCR. Water samples (artesian wells and dams) were positive by qPCR while PCR found 47% of positivity. In sediment samples a 128% higher percentage of positive results were found by the quantitative method. The use of qPCR for the detection of HAdV has clearly indicated that low viral loads are not an obstacle in the search for pathogens in environmental samples when used with high sensitivity detection methods[@B12]. JIANG *et al.* (2005)[@B18] and ROMANOVA *et al.* (2009)[@B33] reported that qPCR methodology is more sensitive for detection of AdV in environmental water samples; in addition, qPCR is less sensitive to amplification inhibitors[@B08]. Furthermore, qPCR has been generally accepted in research laboratories, mainly related to microbiology[@B23].

Although conventional PCR and its variants can be highly sensitive and specific, they have some limitations, including the requirement of agarose or polyacrylamide gel electrophoresis, risk of carry-over, inability to quantify the amplification products present in the samples, and the use of reagents such as ethidium bromide which is detrimental to the health of handlers[@B26]. In conclusion, the qPCR for detection of HAdV in environmental samples (water and sediment) proved to be a reliable and cost-effective tool when compared to the conventional PCR tested here. Besides, amplification and detection are performed in a closed system, avoiding laborious post-PCR manipulation[@B22].
